Efficient gene delivery to myocardium with ultrasound targeted microbubble destruction and polyethylenimine.
The aim of present study was to evaluate the feasibility and efficiency of enhanced green fluorescent protein (EGFP) gene delivery to myocardium in vivo by ultrasound targeted microbubble destruction (UTMD) and polyethylenimine (PEI). SonoVue/DNA and PEI/DNA/SonoVue complexes were prepared. Gel electrophoresis analysis was performed to determine the structural integrity of plasmid DNA or PEI/DNA after UTMD. Solutions of plasmid DNA, SonoVue/DNA, PEI/DNA complexes or PEI/DNA/SonoVue complexes were respectively transduced into BALB/c mice hearts by means of transthoracic ultrasound irradiation. Mice undergoing PBS injection, plasmid injection or PEI/DNA complexes injection without ultrasound irradiation served as controls. Gene expression in myocardium was detected 4 days after treatment. Cryosections and histological examinations were conducted. Electrophoresis gel assay showed no damage to DNA or PEI/DNA complexes after UTMD. When the heart was not exposed to ultrasound, the expression of EGFP was observed in the subendocardial myocardium obviously. The strongest expression was detected in the anterior wall of the left ventricle when the heart was exposed to ultrasound alone. Injection of PEI/DNA complexes and UTMD resulted in the highest transfection efficiency and the distributional difference of EGFP was not obvious. No tissue damage was seen histologically. In conclusion, a combination of UTMD and PEI was highly effective in transfecting mice hearts without causing any apparently adverse effect. It provides an alternative to current clinical gene therapy and opens a new concept of non-viral gene delivery for the treatment of cardiac disease.